Non-invasive recording of the late potential (LP) by signal-averaging technique is useful in predicting ventricular tachycardia (VT), especially in patients with myocardial infarction (MI). However, the rate of positive LP is much lower in anterior or anteroseptal MI than inferior MI since the LP is sometimes masked by QRS complex. The purpose of the present study is firstly, to detect local conduction delay in initial portion of QRS complex and secondarily, to evaluate the clinical significance of the initial delay in patients with MI. Eighty patients with MI were analyzed in 4 groups as follows: AS: anteroseptal, n ¼ 18, including 6 VT; A: anterior, n ¼ 22, 7 VT; I: inferior, n ¼ 28, 9 VT; and P: posterior, n ¼ 12, noVT. Twenty non-MI patients were used as normal controls (N). A signal processor (NEC 7T 18) was used to record signal-averaged electrocardiograms and each 10 msec integral value of filtered QRS complex from the initial upstroke to the 60 msec point was automatically measured.
Introduction
The late potential (LP) recorded at the terminal portion of the QRS complex in the signal-averaged electrocardiogram (ECG) reflects the intracardiac micropotentials such as delayed potential and fragmented activity which shows the presence of substrates for re-entrant arrhythmias. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] However, the positive rate of LP was lower in patients with anterior infarction than in those with inferior infarction. Abnormal excitation in homogeneous conduction as a condition for re-entry should not necessarily exist only at the end of all excitations of normal myocardium. If a delayed local conduction exists in the early phase of ventricular excitation, it can be identified as the delay of the initial upstroke of the QRS complex. 14) The purpose of the present study is firstly to detect the delay of initial upstroke of the QRS complex, if present, and secondarily to evaluate the relationship to the ventricular arrhythmias.
Subjects and Methods

1) Subjects
Among the patients with acute myocardial infarction transferred to the coronary care unit of Nippon Medical School Hospital, 80 consecutive patients on whom signal-averaged ECG could be recorded at 1 or 2 weeks after the onset were chosen as subjects ( Table 1 ). The diagnosis of acute myocardial infarction was made mainly by examining typical changes in the 12 lead ECG changes accompanied by elevation of serum CK-MB to twice the baseline level or greater. Differential diagnosis between anterior and anteroseptal infarction was defined as ST elevation with abnormal Q wave in lead V 1 in the former and in V 2 in the latter. The diagnosis of posterior infarction was made when an abnormal gain of the R wave amplitude in lead V 1 was seen. Culprit lesion in the coronary arteriogram, abnormal wall motion in the echocardiogram or the left ventriculogram, and low uptake regions in the myocardial scintigram were also checked to fix the diagnosis in most of the patients. In addition, twenty healthy adult subjects (15 male and 5 female, mean age: 35:0 AE 5:0) without prior history of heart Figure 1 Automatic measurement of integral values of filtered QRS complex from the initial upstroke to 60 msec point. Left: an example from a VT patient with anteroseptal infarction Right: an example from a non-VT patient with anteroseptal infarction disease and showing no abnormality in the standard 12-lead ECG were used as the control group. Subjects with bundle-branch block and atrial fibrillation at recording of signal-averaged ECG were excluded.
Ventricular tachycardia (VT) was defined as consecutive 3 or more consecutive ventricular extrasystoles during two weeks after the onset of infarction. The incidence of VT is shown in Table 2 . Signal-averaged ECGs were recorded without administration of any anti-arrhythmic drugs.
Informed consent was obtained from all subjects before enrollment in this study.
2) Method
ECGs were recorded according to the method reported by Simson 5) using Signal-Processor 7T18(NEC San-ei, Tokyo) to signal average 250 beats in each of X, Y and Z leads with sampling frequency of 1 kHz. Then, the spatial vector ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ffi
was prepared, which was filtered through a unidirectional forward band-pass filter of 40 to 250 Hz, and regenerated as a spatial magnitude ECG. In order to evaluate the delay at the initial portion of the QRS complex, the root mean square voltage of the filtered QRS complex was automatically measured every 5 msec from the initial upstroke to the 60 msec point as shown in Figure 1 . Then each 10 msec-integrated value was calculated as an initial potential (IP): IP 10, IP 20, IP 30, IP 40, IP 50 and IP 60. One way analysis of variance (ANOVA) with unpaired t-test was used for statistical evaluation, and p < 0:05 was considered significant. 
Results
1) IPs and the site of infarction
The average values of IPs are shown in Table 3 . In order to clarify the difference between IPs, the gradual change at the initial portion of the QRS complex is shown graphically in Figure 2 . The IP was significantly lower in anterior and anteroseptal infarctions than in the control, inferior and posterior infarctions. There were no significant differences between anterior and anteroseptal infarction and between inferior, posterior infarctions and the control group.
2) Incidence of ventricular tachycardia and the IP of QRS The incidence of ventricular tachycardia is shown in Table 2 . Figure 3 and Figure 4 show the comparison of IPs between patients with VT and without VT in anterior infarction and anteroseptal infarction, respectively.
In the patients with anterior infarction, there was no difference in IP between 7 patients with ventricular tachycardia and 15 patients without ventricular tachycardia. On the contrary, in the patients with anteroseptal infarction, the IP was significantly lower in 6 patients with ventricular tachycardia than in 12 patients without ventricular tachycardia. Particularly for IP 30 to IP 60, the IP value of the patients with ventricular tachycardia was about 50% of that of the patients without ventricular tachycardia. In the patients with inferior infarction, there was no difference with regard to the presence of ventricular tachycardia, and no significant difference was observed in comparison with control patients. Figure 5 illustrates the comparison among the patients with ventricular tachycardia. The IP tended to be lower in patients with anteroseptal infarction. In the patients without ventricular tachycardia, there were no differences in the IP between anterior infarction and anteroseptal infarction.
Discussion
1) Relationship between the site of infarction and the IP of the QRS complex
The analysis of the ventricular LP, conducted previously using the signal-averaged ECG, focused particularly on the end portion of the QRS complex, and it has been indicated that the detection rate of ventricular LP differs according to the site of infarction. Tanaka 15) reported that the LP appearance rate was significantly higher in inferior infarction (23.9%) than in anterior infarction (13.9%). Buxton et al. 16) also reported an almost similar result in the LP detection rate after myocardial infarction.
On the other hand, changes in the initial portion of the QRS complex have received much less attention. However, our results showed that the IP value of the QRS complex was significantly different according to the site of infarction. That is, in anterior infarction and anteroseptal infarction, the IP of the QRS complex was significantly small, and the upstroke of QRS complex was much more sluggish compared to that of inferior infarction and posterior infarction.
The reason for such the difference can be explained that the anteroseptal region of left ventricle is the site where left ventricular excitation starts in the physically earliest phase. In anterior or anteroseptal infarction, because an inhomogeneity or delay in conduction of excitation based on the myocardial injury occurs in the area, the upstroke of the QRS complex becomes more sluggish and the IP of the QRS complex reduces its amplitude.
2) Relationship between the incidence of ventricular tachycardia and the IP of the QRS complex
The patients with anterior infarction showed no difference in the IPs irrespective of the presence of ventricular tachycardia, while it is interesting that, in anteroseptal infarction, the IP decreased obviously in the patients with ventricular tachycardia compared with those without ventricular tachycardia. That is, it is possible to say that the decreased IP of QRS complex may be involved in the mechanism of ventricular tachycardia in anteroseptal infarction. Kienzle et al. 14) also examined the signal-averaged ECG in acute myocardial infarction and reported that the decrease of IP is related to the presence of ventricular tachycardia in anterior infarction. The difference between their results and our data may come from the difference in definition of the site of infarction. We presume that patients with anterior infarctions. Interestingly, they described that fractionated electrogram was recorded through intracardiac catheter electrode around the ventricular septum in 10 (9 with anterior infarction and 1 with inferior infarction) of 46 patients with myocardial infarction who had sustained ventricular tachycardia, suggesting the relation to the decreased IP of QRS complex.
Nanke et al. 17) reported that high frequency abnormal potential was detected in the localized area of QRS complex according to the site of infarction. Josephson et al. 18) and Cassidy et al. 19) examined the intracardiac potential using catheter in the patients with ventricular tachycardia and described that the ventricular septum plays an important role of the formation of the re-entry circuit. These reports and the results of our present study suggest that, after spreading of myocardial injury to the ventricular septum, the IP of the QRS complex became smaller and the upstroke became more sluggish, while the conduction delay and/or inhomogeneity of excitation in the septal region were enhanced and thereby the re-entry circuit was formed, easily leading to ventricular tachycardia.
3) Clinical significance of the analysis of the IP of the QRS complex in the signal-averaged ECG The generally-accepted method of evaluation was to focus only on the presence of LP in the terminal portion of the QRS complex using conventional signal-averaged ECG methodology and to examine its relationship to the arrhythmia. Because the positive LP rate is lower in anterior infarction than in inferior infarction, however, the inferiority of the effectiveness of this method for prediction of ventricular tachycardia has been indicated. As shown in this study, if there is some association between the change in the IP in anterior or anteroseptal infarction and the occurrence of ventricular tachycardia, the limited effectiveness of the signal-averaged ECG in anterior infarction may be compensated. Unfortunately, though we have no data as to the direct relationship between IP and LP in this series, it may be sufficient to examine the end portion of the QRS complex in inferior infarction and to examine the IP of QRS complex in anterior or anteroseptal infarction, and by using both examinations, the significance of clinical application such as prediction of ventricular tachycardia may be increased. However, the mechanism of occurrence of ventricular tachycardia in the acute phase of myocardial infarction is not necessarily based on the re-entry due to delayed conduction, and it is highly possible that triggered activity 20) and increased automaticity 21, 22) is involved to some extent. It must be mentioned that the association with the change in the initial and/or terminal portion of the QRS complex in the signalaveraged ECG may be limited in the case of ventricular tachycardia based on such a mechanism. This method is more useful in the case of ventricular tachycardia based on re-entry.
In addition, because a special recording technique is not required for examination of the IP of the QRS complex and as widely-used methods of recording the LP may be used, this method has its advantages.
As a limitation of the present study, we were not able to discuss the normal range of IP because the number of the patients was insufficient. Further examination and a prospective study will be needed to evaluate the normal range of IP in the QRS complex.
Conclusion
We recorded signal-averaged ECG in 80 patients with acute myocardial infarction to examine the IP in the QRS complex for the site of infarction and the presence of VT compared with 20 healthy adult control subjects and obtained the following conclusion:
1) Comparing the IP of the QRS complex for the site of infarction, the IP from the upstroke to the 20 msec and the 60 msec points were significantly lower in anterior infarction and anteroseptal infarction groups than in the control and the inferior and posterior infarction groups. There was no difference between the IP of the inferior and posterior infarction groups and the control.
2) Regarding the relationship between the presence of ventricular tachycardia, the site of myocardial infarction and the IP, the IP of the QRS complex was significantly lower in the anteroseptal infarction group in patients with ventricular tachycardia than in those without ventricular tachycardia, whereas, in the anterior infarction group, there was no difference in the IP in patients with ventricular tachycardia compared to those without ventricular tachycardia.
3) Comparing between anterior infarction and anteroseptal infarction only for the patients with ventricular tachycardia, the IP of the QRS complex was significantly lower in anteroseptal infarction patients.
4) For the patients without ventricular tachycardia, there was no difference in the IP of QRS complex between anterior infarction and anteroseptal infarction patients. 5) Particularly in anteroseptal infarction with ventricular tachycardia, the degree of decrease was greater, suggesting a relationship to the occurrence of ventricular tachycardia and re-entry.
